this paper. Meniere's syndrome is not a simple entity with a single etiology. Rather is it a complex of ill-defined processes, some of which arise within the middle ear, others may be neurogenicothers vasomotor and so on.
If middle-ear pathology does indeed play the important role I have ascribed to it, our quest for the basic etiology will carry us back to the formative years of childhoodto those recurring infections of the upper respiratory tract that still undermine the health of so many of our children. Unfortunately our understanding of those diseases is still far from complete. Many fundamental problems still challenge and defy us. Not until they have been solved will it be possible to evolve a truly rational therapy for Meniere's syndrome. by T J Wilmot MS FRCS (Omagh) James Seymour had the ability to think clearly, logically and physiologically about a problem, reach a theoretically sound solution, and then proceed by carefully thought out experimental procedures to prove whether he was right or wrong. He did not rush into publication, he did not neglect the work of others, he did not take short cuts, he worked out his own techniques and he used his superlatively dexterous hands, excellent eyesight and keen brain to observe the results. He did in fact seek the truth in any subject he was investigating, and it was this complete integrity and failure to compromise that make all his observations on subjects concerning our specialty of more than common interest. Seymour was essentially a physiologist, but he was also a very shrewd clinician whose experience of neurology and neurosurgery was extensive. Although not trained in ear, nose and throat work he took a very great interest in it and, in fact, devoted the last ten years of his life to problems which concern the Sections of Laryngology and Otology.
He believed first and foremost that many head and neck disorders were primarily due to vascular changes. These could be brought about either through a humoral agency or by abnormalities of the autonomic nervous system. Comparative studies had shown him that each important organ in the bodysuch as the liver, the kidney, the spleen, the eye, the musculature and the skinhas a different individual micro-circulatory pattern. He felt sure that such an important structure as the inner ear must have its own pattern also, and proceeded to confirm this by his very brilliant experimental work.
The circulation of the brain, too, interested him greatly and the fact that the main arterial supply to the base of the brain also gave the sole source of oxygenated blood to the inner ear was of tremendous significance to him.
Holding such wide views, it was natural that one of his most important contributions to our specialty was in directing attention to factors which had before seemed irrelevant or unimportant. He considered that many of our E.N.T. problems were primarily autonomic dysfunctions acting through definite vascular mechanisms. Obviously, where this is possible or likely, the patient must be looked upon as a whole. Not only must the ears, nose and throat be examinedbut the pulse must be felt, blood pressure recorded, peripheral circulation in the fingers and optic fundi inspected, and the patient questioned carefully in relation to nicotine consumption, alcohol intake, presence or absence of Raynaud's disease, chilblains, migraine, bronchospasm, coronary pain and other evidence of circulatory insufficiency or autonomic imbalance.
In November 1959 at a small clinical meeting held in Omagh to demonstrate the effects of applying his physiological principles in some common clinical disorders I showed him a young girl of 16. She had lost all useful hearing in one ear as the result of a sudden vascular impairment, and her other ear was progressively deteriorating presumably from the same cause. To try to save her second ear, I had done a cervical sympathectomy with very dramatic improvement. After hearing the story and studying the audiographs, he asked her to stand up on the chair. 'Yes', he said, 'she was almost certain to have acrocyanosis with a history like that'.
In another patient, a middle-aged executive with progressive bilateral perceptive deafness and tinnitus, after taking the blood pressure and inspecting the optic fundi, he suggested examination of the blood lipids and cholesterolwhich were found to be significantly above normal. Correction of the diet and a course of Lipostabil produced a remarkable improvement in his hearing and tinnitus, and a very grateful patient.
Seymour believed that the future elucidation and treatment of the causes of perceptive deafness depended upon the members of our specialty developing a greater interest in general medicine and neurology; and that unless this occurred, the whole field opening out in relation to perceptive deafness and vertigo might be taken over by other specialties. If, as also seems possible, neurosurgical techniques prove of value in the treatment of some nasal disorders, it will be appreciated that this view is not a fanciful one.
Seymour's observations on some related subjects are therefore of interest.
Migraine
Patients with this very common and distressing condition are often referred to our clinics. We know that the vasomotor centre acts largely by controlling the circulating blood all over the body by constant tonic stimulation of vasoconstrictor autonomic nerve fibres. The degree of tone, however, seems to vary widely in different individuals, or groups of individuals, and excessive tone acting through simple reflex arcs may be responsible for ischmemic effects in different parts of the body. Such ischmemia is usually followed by reactive vasodilatation and it now seems virtually certain that migraine is caused in this way. The hemicranial type of migraine is probably associated with constriction of one or other carotid system, whereas other types, and in particular those associated with occipital headache and vertigo, are due probably to spasm of the basilar artery or of one or both vertebral arteries. Basilar artery insufficiency could certainly account for some associated vertigo by producing ischmmia of the vestibular nuclei, and similar involvement of the lower visual centres might well account for the ocular manifestations. In severe basilar artery insufficiency, no doubt, the internal auditory artery itself is cut off and ischmmia of the peripheral organ added to that already present results in a typical attack of Meniere's syndrome being associated with the headache and vomiting.
Seymour was one of the first to argue that if maintenance therapy with vasodilator drugs can help patients keep free from attacks of aural vertigowhich had been his experiencethen it should be possible to lower the incidence of severe migrainous attacks by the same means. This he showed to be the case in several patients who consulted him about their vertigo but also complained of severe migraine, and whom he noted to have a tendency to arterial spasm of the retinal vessels. Some of these patients found the first relief they had ever had by this form of treatment. Theoretically, it should be possible to abort an actual attack by the same treatment, and in my area of Northern Ireland several general prac-titioners have had most encouraging results with cases of migraine by treating the patient with an efficient vasodilator drug early in the attack. Atrophic Rhinitis Some five years ago, Seymour suggested to me that atrophic rhinitis might be' due to sympathetic overactivity. He thought that the condition was probably due to spasm of the arterioles supplying blood to the mucosa. If this be the case, one would expect the process to affect first the most vasoactive part of the mucosa, that is, the anterior portions of the turbinates and the anterior part of the septum. I was somewhat sceptical about this until a young woman, aged 23, came to see me in 1958 with unilateral atrophic rhinitis affecting chiefly the anterior two-thirds of the mucosa. The pupil on the same side was dilated, but there was no gustatory sweating and no inner ear dysfunction. Her symptoms had been present for three years; they did not improve with conventional treatment pursued for a further year, so in 1959 I performed a cervical sympathectomy on the affected side. Her nose returned to normal within a few weeks and apart from a residual Homer's syndrome she is now sign and symptom free. Since then I have done this operation for 4 other cases of atrophic rhinitis. In one longstanding case there was no improvementin the others marked improvement has occurred and no local treatment is now necessary.
It seems likely, therefore, that cervical sympathectomy is worth consideration in early cases of this condition. In late cases other methods of treatment are still necessary. Obviously, as in other conditions where vascular factors are involved, the time factor is of some importance, as structural damage may become irreversible.
Vasomotor Rhinitis and Nasal Polyposis In 1951 Seymour suggested vidian nerve section for difficult cases of vasomotor rhinitis which had failed to respond to other measures. Golding-Wood (1961) and others have recently shown that relief is possible by this means, but it is not an easy operation and should not be embarked upon lightly. The results, however, do suggest that in certain cases of rhinorrheea relative parasympathetic overactivity appears to be corrected by this procedure.
Seymour's interest in this subject continued. He noted the red, swollen turbinates which can cause nasal obstruction and discomfort after a cervical sympathectomy. Surely, however, the latter procedure would be expected to produce a pale, boggy mucosa by creating a relative parasympathetic overactivity ? Obviously, even the obstructive type of vasomotor rhinitis was not due purely to such parasympathetic overactivity.
He argued that if spasm can affect the arterial end of the rich nasal turbinate blood supply, why should it not affect the venous end also? He asked me to observe what happened following a sympathetic block for a severe vasomotor rhinitis with obstruction. In certain individuals the pale lilac, swollen, inferior turbinate starts to shrink within two or three minutes, and within ten minutes there is a completely free nasal airway on the side under consideration. The mucosa becomes pink and looks normal and this persists for perhaps as long as an hour. In one of my cases the improvement has lasted for six months, but only on one side of the nose; the other has twice relapsed.
One male patient with most obstinate nasal polyposis returned to my clinic a year ago. I had removed his polypi many times. He has had courses of zinc ionization, cauterization and desensitizing injections without relief. Remembering Seymour's ideas I did a bilateral stellate ganglion block. In ten minutes, without any removal of polypi, he could breathe clearly through his nose and when he was going,he came into my consulting room and thanked me. He said his headache had gone for the first time for months and his head felt quite different. I thought he would relapse in an hour or two, but in a fortnight he was still clear and he has not required any other treatment since then.
Seymour did not advocate sympathetic block or sympathectomy as a treatment for vasomotor rhinitis, but was curious to know the post-operative state of the nasal mucosa of a patient with marked obstructive vasomotor rhinitis who underwent bilateral cervical sympathectomy for this or other reasons. For many years Mr C P Wilson has consistently stressed the importance of autonomic harmony in the etiology of nasal disorders, and from the above it seems clear that further research on the autonomic control of the vessels of the nasal mucosa is urgently needed. It is a great pity that Seymour cannot advise us about this and about the role of the autonomic nervous system in such other problems as intractable facial pain, epilepsy and Bell's palsy.
Seymour's Physiological Research Work on the Blood Supply ofthe Inner Ear and its Implications
It is important to re-emphasize that Seymour's interest in the inner ear was not confined to Meniere's disease. His interest, however, had been aroused in this subject by his early association with the late E R Garnett Passe. He saw then a great many cases of inner ear dysfunction and was fascinated, as so many of us have been, by the paroxysmal nature of the attack in a typical case of labyrinthine vertigo. When he had been person-ally successful in cutting short several severe attacks by the use of a sympathetic block, on the, side affected, he decided that the mechanism responsible must be investigated. This simple decision cost him over ten years of constant work and has supplied us with a great many basic truths about the circulation of the blood in the labyrinth, and about the labyrinthine fluids themselves. Some of this is as yet unpublished.
His first concern was to establish the mechanism by which vascular spasm could occur. Clinically it seemed obvious that it did occur, and what is more, that it occurred most commonly in a particular type of patient, and often under stress circumstances. The association with migraine and acrocyanosis suggested that there might be an inherent tendency in some individuals for different groups of vessels to be unduly reactive to different types of stimuli. Nobody, however, had really studied the capillary fields of the labyrinth under physiological conditions, until Seymour showed in a beautiful series of experiments how this could be done. In this he received the most expert technical assistance and help from the staff of the Ferens Institute at the Middlesex Hospital.
He was able to demonstrate that the vessels of the inner ear were, in fact, far more vaso-active than had been thought and that sympathetic stimulation could reduce blood flow in the labyrinth and also reduce function. The local application of a very weak solution of adrenaline to a capillary field in the cochlea could produce the most intense vasoconstriction, which sometimes persisted for hours and sometimes resulted in permanent damage to the secreting cells of the stria vascularis. The similarity between this experimental finding in animals and the very sudden type of deafness which occurs, principally in young, normotensive and vaso-active human individuals, is striking.
If the mechanism responsible for causing such sudden and tragic deafness in a young person is the same, then very rapid diagnosis is required, combined with all the measures needed for relaxing spasm. Rest, warmth, reassurance and vasodilatation either by drugs or sympathetic block are required as emergency treatment. As some unfortunate individuals get bilateral, permanent, total perceptive deafness as a result of this condition, any case of sudden deafness, especially in a young person, must be seen without delay.
Seymour next discovered that there was a most unusual physiological mechanism within the vessels of the stria vascularis. Not only were there contractile elements at the commencement of most of the capillaries, but there was an arrangement that allowed the maximum amount of blood to get through to the vital part of the stria, when 28o 2Section ofOtology the rest of the vessels were contracted or empty. This is what he referred to as the 'differential sparing of the strial vessels'. Although this principle had been known to apply to certain larger cerebral vessels, it had never before been described for such a small and vital organ as the cochlea. What, however, is its significance? The implication is, surely, that the labyrinthine vessels are indeed very prone to autonomic nerve impulse bombardment, but the essential secretory epithelium of the cochlea must be nourished at all costs. It is, in fact, a compensatory mechanism, and explains why hearing in an attack of aural vertigo is diminished, but seldom lost. Seymour noticed that the younger the patient with true aural vertigo, the more severe the attack, presumably again because it is only really elastic vessels which are capable of complete closure as the result of contraction. Of course repeated attacks of vascular stasis result in atrophy of the stria, with ischemic effects upon the capillaries themselves because their physiological task of nourishing the secretory epithelium which produces the endolymph, makes them rapidly become anoxic when their own blood supply becomes inadequate. He was able to show how much thicker the wall of these capillaries is in a young person who has suffered repeated attacks of aural vertigo, than in the normal thickening process of these vessels associated with old age. This, the essential pathological feature of Meniere's syndrome, he termed 'the selective sclerosis of the strial capillary networks'. He also showed clearly that hydrops is a secondary effect, is associated with cochlear damage only, and can occur in the complete absence of vertigo. It is never present in the early stages of Meniere's syndrome and is due to an osmotic effect and not to raised intralabyrinthine pressure.
Seymour was against the term 'Meniere's disease' because he doubted the existence of a definite pathological entity responsible for a particular group of symptoms. He felt that these symptoms could be produced in several different ways and by involvement of different groups of vessels, and preferred the term 'Meniere's syndrome'.
If the concept of a localized vasospasm is true, an explanation at once presents itself for some of the common inner ear disorders seen in otherwise healthy subjects. Vertigo without deafness could occur by involvement of the first, or vestibular, branch of the internal auditory artery; involvement of the second branch could account for mixed vestibular and cochlear symptoms, and involvement of the terminal branch in purely cochlear symptoms. Seymour was at pains to show that, whereas the cochlea depended entirely upon the internal auditory artery, the vestibule, through its other blood supply via the saccus endolymphaticus, did not. Here is an explanation for progressive vascular failure, from any cause affecting the larger vessels, producing progressive perceptive deafness without vertigo.
In his neurosurgical work he had often seen patients labelled as cases of Meniere's syndrome who, on further investigation, proved to have cerebral vascular disease, basilar insufficiency, hypertension or even acoustic neurinomata. Conversely, on at least two occasions, he had seen cases admitted to the neurosurgical wards as small subarachnoid haemorrhages, who later became clear-cut cases of Meniere's syndrome. The very fact that there is so much confusion between ourselves, the general practitioners, and the physicians as to what does, or does not, constitute a genuine case of Meniere's syndrome confirms his belief that the symptoms of deafness, tinnitus and vertigo can be caused by a variety of factors. These can vary from spasm of the precapillary sphincter mechanism in the stria vascularis to gross obstruction of a common carotid, a vertebral or the basilar artery.
If sympathetic over-stimulation can produce small vessel spasm, what evidence is there for larger vessels being affected? I well remember Seymour telling me how a man of about 40 had plunged into a wave when bathing early in the year. He disappeared but was rescued by friends who were horrified to find he had a complete hemiplegia. He was fortunate to arrive quickly at a neurosurgical centre where an angiogram confirmed the presence of complete spasm of one carotid tree, which recovered with appropriate treatment. If excessive cold can produce a spasm of such a large vessel, it is not difficult to imagine how lesser stimuli, acting on sensitive and perhaps stressful individuals, can produce the same effect in the smaller vessels.
What other parallels exist for similar excessive autonomic nerve reactions in the human body? We know that emotions can produce tears and anorexia, and that the gastric mucosa can be affected even to the extent of causing rapid ulceration. Likewise tachycardia, cardiac irregularity and perhaps even a predisposition to coronary thrombosis can occur. In similar manner the association of acute pleural effusions, ulcerative colitis, and the vestibular upsets of jet pilots with anxiety and stress seems to be more than coincidental.
If stress, acting through autonomic nervous pathways, can produce inner ear disease, we must learn how to block those pathways, temporarily or permanently, and when to block them. We must also learn to treat the whole patient.
What other factors can produce vascular insufficiency? Atheroma must play a big part in obstructive lesionsperhaps by interfering with one or both vertebral arteries, or the basilar artery itself, or by the presence of a small plaque near the orifice of the internal auditory artery, or anterior inferior cerebellar artery, or by producing an aneurysmal dilatation in a critical area.
Seymour thought that, with the unique arrangement by which the low head of pressure in the basilar artery had to feed the labyrinth via the long and narrow internal auditory artery, the labyrinth must be particularly prone to early ischaemic effects and that the first of these might cause tinnitus. If so, it could well be a warning symptom denoting early atherosclerosis of the cerebral vessels, and perhaps of the coronary vessels too. He thought that all such patients with idiopathic tinnitus should have their blood chemistry analysed, particularly in relation to fat content, and that the thoughtful E.N.T. consultant might be the first to direct attention to the real cause of the trouble. To illustrate the complexity and the fascination of these problems I will take the case of a woman of 55 who first consulted me in 1954 for unilateral deafness, tinnitus and vertigo of recent origin. The deafness was clearly of perceptive type but predominantly low toned. Although she had slight hypertension, the history suggested that there might be some spasm superimposed on arterial or arteriolar degeneration and I did a sympathetic block on the affected side with almost immediate improvement in hearing and cessation of tinnitus. Within a day or two her hearing had come up 60 db to normal, where it has remained, nor has she had any severe vertigo since then. By 1959 her blood pressure had risen to 200/120 but, apart from slight tinnitus and occasional slight vertigo, she was symptom free. When I saw her again a few weeks ago she looked ill, she complained of upper abdominal pain like 'indigestion', her blood pressure had fallen considerably since her previous visits, she had raised serum cholesterol and transaminase levels, and an ECG confirmed that she had had a recent coronary thrombosis. Should this not have been foreseen earlier and perhaps prevented? Obviously dietetic control and therapy in these cases will be primarily for the physician to organize, but accurate audiography will be needed to assess progress. In some cases it has already been shown that circulatory improvement and resultant improvements in hearing can result.
Although the exact etiology of atheroma is still in doubt, the fact that sympathetic stimulation has recently been shown to have a tonic effect on the metabolism of unsaturated fatty acids, and that during acute emotional tension there is a tendency for the blood fat level to rise, seemed to Seymour to be of significance. At least we have here evidence that, in man, lipid metabolism and autonomic nervous system activity are physiologically linked. It may be, therefore, that stress can act either through alterations of blood chemistry, or directly via the autonomic nervous system.
We must recognize that vascular impairment of the inner ear can occur from general causes, such as anxmia, or severe debilitating illnessesthis is especially true in the very youngand also from cardiac disease or an obstructive lesion anywhere between the carotid and vertebral arteries below, and the capillaries of the stria vascularis above.
If the vascular system of a young person is involved, is it due to excessive vaso-activity, and if so, what has precipitated this? If of an older person, is it due to atheroma ? Or to hypertension ? Or to long-continued acoustic trauma ? Or to stress ?
It is clear from this that we need plenty of time to examine these patients if we are to help them.
Seymour believed that audiography, if of a high standard, is of value in the differential diagnosis of perceptive deafness. He believed that there is some correlation between the shape of the hearing curve and the lesion present. The predominantly low-tone perceptive deafness present so commonly in the younger patient with Meniere's syndrome is probably associated with capillary damage in the stria itself, and these cases are ideal for sympathectomy. When high-tone loss only is present the damage is arteriolar or further back on the vascular tree, and sympathectomy is of little or no avail, for reasons which are obvious. The intermediate cases, of course, require the greatest degree of assessmentas is true in all branches of surgery. Sympathectomy, even for the capillary group, can fail. This may be due to preganglionic fibres emerging from much higher in the spinal cord than was once thought possible. This can perhaps occur as high as the 7th or 8th cervical segment and, of course, about the level ofa stellectomy. It is also possible that vasoconstrictor fibres can accompany certain of the cranial nerves.
If vertebral artery insufficiency can cause labyrinthine damage, or at least nuclear damage in the mid-brain, in the middle-aged and elderly, why should it not do so also in the very young? There has been recent evidence of a high incidence of vertebral damage in stillborn children presumably caused by birth trauma. In those who do not die, however, relative ischaemia may damage the inner ear or the vestibular and cochlear nuclei with the production of what appears to be congenital deafness.
A similar syndrome, producing inner ear effects, is 'cervical vertigo' which is, again, almost certainly due to traumatically induced vertebral artery spasm and resulting basilar insufficiency.
At the time of his death Seymour was starting to correlate his physiological material with postmortem specimens and their relevant clinical histories, at the Ferens Institute. He had made observations on the different vessels involved in different clinical syndromes, and his interest had spread to the whole field of perceptive deafness. He was in fact, actively engaged upon the factors in common in the production of some forms of congenital deafness, of Meniere's syndrome, of sudden perceptive deafness, pre-senile deafness, presbyacusis, hypertensive deafness and the deafness associated with cerebral vascular disease. It is a tragedy that this work was cut short in its infancy.
Seymour thought that we must learn to look upon each case of deafness, tinnitus and vertigo as a challenge, and that there were not nearly enough centres in the United Kingdom where the problems of the head and neck, and especially those in connection with the inner ear, could be investigated. Teams skilled in clinical diagnosis, in the use of the auriscope, the audiometer, electro-nystagmographic equipment, the ophthalmoscope, angiography and electroencephalography are urgently required. Only by the collaboration of different specialties and the correlation of ante-mortem with post-mortem findings will the answer to many problems be found. The adoption of Seymour's basic ideas will, however, help to clarify these problems and, incidentally, will often turn a routine and perhaps rather dull E.N.T. clinic into a challenging and exciting experience.
Venous Obstruction of the Labyrinth: Some Experimental and Anatomical Studies by Adrian N Griffith FRCS (London) Siebenmann (1894) was the first to describe the vascular supply of the labyrinth. Further investigations were carried out sixteen years later by Shambaugh (1910) .
The fullest and most considered account of the vascular supply of the labyrinth is given by Nabeya (1923) . He describes two routes of venous drainage in the human: the venous blood of the membranous cochlea, the saccule and the utricle drains through the inferior cochlea vein, which runs through a fine bony canal, separate but parallel to the aqueduct of the cochlea, and empties into the inferior petrosal sinus. The blood from the three ampullb and the semicircular canals drains to the superior petrosal sinus along a vein which accompanies the aqueduct of the vestibule (Fig 1) .
The venous connexion between these systems is slight. Nabeya was unable to demonstrate any drainage of venous blood from the membranous labyrinth into the veins within the internal auditory meatus, nor could he find any vascular connexions between the membranous labyrinth and its bony capsule.
From these anatomical studies it seems likely that, if the inferior cochlear vein were to become obstructed, there would be marked changes in the circulation of the membranous cochlea, the utricle and the saccule: first engorgement, then ischemia.
The examination of the circulation in the living animal is more informative but technically much more difficult. It is a branch of physiology that has been developed and applied to the ear of the guinea-pig in a particularly elegant technique by Kimura & Perlman (1956) in Chicago.
Under intraperitoneal Nembutal anesthesia (05 c.c of veterinary Nembutal/kg body weight), the inferior cochlear vein on one side is exposed with the fine dental burr, and the vein and its collaterals are widely obstructed to prevent reanastomosis. The opposite ear is untouched and remains as a control. Whilst the vein is being obstructed, the fine vessels of the stria vascularis are observed directly and the electrical potentials of the cochlea are recorded. On recovery from anesthesia, signs of labyrinthine disturbance are noted. Finally a series of animals were sacrificed after varying periods of experimental venous obstruction and the temporal bone prepared for detailed histological study.
Direct observation on the stria vascularis: It is possible to observe directly the blood flow within the vessels of the guinea-pig's cochlea. A tiny fenestra is made in the bone overlying the stria of the apical turn and its vessels are observed through a microscope. A cinematographic record is made, and the blood flow estimated by the comparison of the position and progress of a certain white blood corpuscle upon successive photographic frames.
Immediately the inferior cochlear vein was obstructed all vessels in the stria became dilated, and the blood flow of the strial capillaries was reduced by 90 %. In one capillary there was a complete and permanent cessation of flow; in another a reduced, but still active circulation was maintained. This sudden reduction in strial blood flow, produced by the experimental lesion, continued throughout many hours of observation.
